The main advantages of biodiesel are its biodegradability, renewablity, improved nontoxic exhaust emissions and unnecessary alteration of common diesel engines. Today, biodiesel is produced by catalysis of inorganic acids, alkali and free or immobilized lipases with vegetable oil and short chain alcohols. Alkali and acidic catalysts are the most using catalysts for production of biodiesel because of their higher reaction yield and rate. In this study, we have comprised biodiesel productivity of different vegetable oils like sunflower, safflower, canola, soybean, olive, hazelnut, corn oils and waste sunflower oils by alkali catalysis. The transesterification of oils were performed by using NaOCH 3 as catalyst at 25˚C and at 100˚C for 1 h. A defined amount of methanol as 6/1 molar ratio to oil was pre-mixed with the metallic sodium. The amount of metallic sodium in methanol was 1.6 w% of oil mass for all of the crude oils/frying oil. Optimum reaction temperature was found as 25˚C. TLC (Thin Layer Choromatography) image and GC (Gas Choromatography) results demonstrates that the dominant fatty acid in safflower, soy bean, sunflower, canola, corn and waste sunflower oil esters was linoleic acid (18:2). Besides it was oleic acid (18:1) for the olive and hazelnut oil esters. When biodiesel productivities of eight different oils were compared, similar results were obtained.
Introduction
Exploring new energy resources has a great importance in recent years. Biodiesel has become more attractive recently because of its environmental benefits. With recent increases in petroleum prices and uncertainties concerning petroleum availability, there is renewed interest in vegetable oil fuels for diesel engines. In Europe, the most important biofuel is biodiesel. In the European Union biodiesel is by far the best biofuel and represents 82% of the biofuel production for 2003 [1] .
Biodiesel production commonly involves the transesterification of a triglyceride feedstock with methanol or other short-chained alcohols [2, 3] . The term biodiesel refers to the alkali esters of fatty acids produced during this chemical reaction, with glycerin being the primary by product. Biodiesel can be used alone, or more commonly it is blended with petroleum based diesel. Biodiesel has a number of important benefits which include: the fuel is renewable, the fuel burns cleaner in most major emission categories, biodiesel is compatible with current fuel infrastructure, the addition of biodiesel improves lubricity of diesel blends, the use of biodiesel reduces petroleum dependence while potentially promoting domestic jobs [4] . The primary concern of biodiesel producers has been a stable supply of low-cost oil feedstock that yields a quality biodiesel product competitive in price with petroleum diesel fuels. Refined oils produced from large-scale seed oil crushing operations currently commands a high value within the edible market due to its excellent functionality as cooking oil.
Biodiesel production reactions were carried out with inorganic homogeneous catalysts such as acidic (HCl or H 2 SO 4 ), alkali (NaOH, KOH or KOCH 3 , NaOCH 3 ) and inorganic heterogeneous catalysts as metal oxides (MgO, CaO, Al 2 O 3 or Al 2 ZnO 4 ). Methanol and ethanol, being cheaper, is the most common used during transesterification reaction [5, 6] . Non catalyst transesterification processes are the BIOX process and the supercritical alcohol (methanol) process.
Last years, lipases, which have oils as natural substrates that can be used as a biocatalyst, such as free or immobilized form in biodiesel production processes, are investigated widely. Lipases were immobilized on different inert supports for reasons such as being reusable, protective of enzyme activity, stability and simply removable from reaction medium [7] [8] [9] . Therefore using of immobilized lipases in oils transesterification has more advantages than free enzymes. Biodiesel synthesis with immobilized enzyme catalyst were carried out under moderate conditions and obtained the most pure biodiesel products while minimizing other by-products. In addition, the biodiesel is composed of fatty acid methyl-ethyl esters and monoglycerides blended in a molar ratio of 2/1. It resembles the physico-chemical properties of conventional biodiesel and/or petro diesel, avoiding the production of glycerin as by product. Although the enzymecatalyzed biodiesel production processes are not yet commercially developed, new results have been reported in recent articles and patents [10] .
A series of improvements in conversion levels and/or the use of methanol as alcohol to mimic the results of the base catalyzed transesterification reaction are currently ongoing as a consequence of the present legal regulations for biodiesel (European biodiesel standard EN 14214). Reasonably good results are sometimes reported due to the 1,2-acyl migration in the monoglycerides [11, 12] .
The current standard biodiesel production under alkaline conditions is considered to be the most technically simple way to reduce the viscosity of vegetable oils from a range of 11 -17 times [13, 14] to just about twice to that of petroleum diesel.
This research is related to earlier studies in which refined, crude and waste oils from eight different oils were evaluated for variation in some physical properties such as viscosity, density and propensity of the oils to biodiesel productivity. Significant variation was noted among these parameters with differences generally being well explained by the differing fatty acid profiles of these oils. As such, the current research allows for a unique opportunity to directly compare of oil feedstock species of vegetable oils such as sunflower, safflower, canola, soy, olive oils and waste sunflower oils with the consequence biodiesel productivity of by alkali catalysis.
Experimental

Materials
The crude food oils such as sunflower, corn and canola oils were obtained from Olin Oil Factory in Edirne-Turkey. Unrefined safflower oil was obtained from safflower producers of Nigde-Turkey, unrefined soybean oil was obtained from Adana-Turkey, crude olive oil was obtained from Aydın-Turkey, crude hazelnut oil was obtained from Ordu-Turkey and roasted-waste sunflower oils was obtained from Trakya University restaurant in Edirne-Turkey.
TLC (Thin Layer Choromatography) plate, metallic Na, iodine, methanol, n-heptane, petroleum ether, diethyl ether, acetic acid for TLC solvent system, oleic and linoleic acid methyl esters, pure oleic and linoleic acids as standards and other chemicals were purchased from Merck and Sigma-Aldrich.
Determination of FFA Compositions in the Crude Oils and Biodiesel
The fatty acids containing of vegetable oils were analyzed using a model 6890N Agilent-GC (Gas Chromatography) with a DB-23 capillary column and a flame ionization detector. Five micro liters of the sample and 300 µl of 1.4 mM/L heptadecanoic acid methyl ester (hexane as the solvent) which is served as the internal standard were precisely measured and mixed thoroughly. The column temperature was kept at 180˚C for 0.5 min, heated to 250˚C at 15˚C/min, and then maintained for 6 min. The temperatures of the injector and FID detector were set at 245˚C and 250˚C, respectively.
Properties of the Used Oils
Oil Density: The oil densities were determined by using the standard method ASTM D7042.
Oil pH: 2 g. of the sample was poured into a clean dry 25 ml beaker and 25 ml of hot distilled water was added to in the beaker and stirred slowly. Then it was cooled to 25˚C in a water bath. The pH electrode was standardized with buffer solution and the electrode immersed into the sample and the pH value was measured.
Oil Viscosity: The oils viscosities were determined by using an A&D's vibro viscometer. SV series Sine-Wave Vibro Viscometer is designed for sensitive measurement of viscosity providing a wide dynamic range and high resolution by vibrating with a frequency of about 30 Hz equivalent to the resonance of the detection system. Vibro viscometer measures the driving electric current to vibrate the sensor plates with a uniform frequency and amplitude, and than the viscosity is given by the positive correlation between the driving electric current and the viscosity. The viscosity coefficient is given by the correlation between the driving electric current and the magnitude of viscidity (viscosity coefficient: I). The correlation between electromagnetic drive unit and driving electric current can be obtained from the equation: log η = a log I 2 + b log I + C, where viscosity η, driving electric current I and C is the constant calibration of measuring system which is given by the manufacturer at the 40˚C. The kinematics viscosity (υ) also represents the ratio between the dynamic viscosity (η) and density (ρ), (υ = η/ρ).
Preparation of Oils for Biodiesel Production
The oils were filtered to remove any of the debris present. The oils were evaporated for 20 minutes at 100˚C to separate the water. The amount of water in oils was re-duced approximately as 0.01 (w%). Therefore, the fulfillment of the required standard limit for water content was provided. Water amount of the oil is very important because excess amount of water in oil is disadvantaged for biodiesel production. At the end, the temperature of oils was brought down to desired degree.
Preparation of Basic Catalyst
The methanol was dried by activated silica granule and cooled in deepfreeze. Metallic sodium was taken from stock in hexane; its surface was cleaned with steel knife and weighed quickly. NaOCH 3 catalyst was prepared by dissolving a little part of cleaned-weighed metallic sodium into 50 ml of cool-dry methanol until desired concentration.
Biodiesel Production
In our preliminary tests, type and concentration of catalyst, methanol/oil ratio, reaction period for biodiesel production were determined using sunflower crude oil and the founded optimal values were used during subsequent following experiments [7] .
There are two major steps at the biodiesel production: synthesis and purification. Transesterification experiments for biodiesel synthesis were carried out under atmospheric pressure using NaOCH 3 as catalyst. The reaction was performed in a 100 mL reaction flask with the connection of reflux condenser. The reaction flask was placed on a heater with magnetic stirrer. The catalyst and crude oils prepared as above were mixed and put into the reaction flask. The heater was settled with an error of ± 2˚C and the magnetic stirrer rate adjusted as 200 rpm (stirrer rate was determined preparatory works). A defined amount of methanol (6:1 molar ratio to oil) was prepared with metallic sodium before the main reaction as described above. The amounts of catalyst was 1.6 w% of oil for all of crude oils/frying oil. At this point, the reaction was started. The temperature of mixture was gradually raised from 10 up to 100˚C during 1 hour. After the reaction time was over, the mixture was transferred to a separatory funnel and it was put aside for a day to separate ester phase and glycerin phase. Furthermore, the transesterification reaction was carried out again by using all of the oils at 25˚C for 1 h.
In purification step of biodiesel, Excess methanol, catalyst and glycerin were removed from methyl esters by washing with distilled water. The ester phase was placed in the separation funnel. Water was sprayed onto the top of the funnel at a low speed. For complete settling of water, 24 h were required. At the and of this period the biodiesel produced during the reaction was dried over anhydrous sodium sulphate for a night and finally filtered under reduced pressure to obtain the final biodiesel and biodiesel was weighed.
After the biodiesel production, conversion ratios of oils to biodiesel were calculated on the basis of the ratio of obtained biodiesel amounts to used crude oils amounts (w/w) and described as biodiesel productivities (%).
TLC and GC Analysis of Biodiesel
TLC qualitative analysis of fatty acid methyl esters (FAME, biodiesel products) were carried out on silica gel plate with TLC. Petroleum ether: diethyl ether: acetic acid (8:3:0.2) solvent system was used as mobile phase at the presence of standards (Oleic acid, Linoleic acid methyl esters (biodiesel), Carotene). After 1/2 hour, the TLC plate was dried at the 110˚C and then colored in iodine chamber for all of the over varieties.
For the quantitative analysis, the vegetable oils feedstocks and the FAME in the biodiesel were diluted into n-heptan and GC analyses were performed with model 6890 Agillent GC as "Determination of FFA compositions in the crude oils and biodiesel" section.
Results and Discussion
GC Analysis of Oils and Other Properties
GC Analysis results of free fatty acid compositions for used vegetable oils were given in Table 1 . The fatty acid contents of oils was generally unsaturated (18:1 and 18:2) fatty acids rich according to GC analysis. The fatty acids which were commonly found in vegetable oils were palmitic (16:0), stearic (18:0), oleic (18:1), linoleic (18:2) and linolenic (18:3). According to the results it was observed that the safflower, waste sunflower, sunflower, corn and soybean oils contained higher percentages (72.3, 59.6, 58.5, 58.4 and 56.2%, respectively) of linoleic acid when copmpared to the others, the hazelnut, olive and canola oils contained higher percentages (78.0, 74.7 and 63.0%, respectively) of oleic acid.
Some physical properties of vegetable oils were measured before the biodiesel production. The oil density, pH and dynamic viscosities of oils were shown in Table 2 .
Conversion Ratios of Oils to Biodiesel
The effects of alkali catalyst (NaOCH 3 ), temperature and feedstock oil type on productivity of biodiesel production were investigated. The parameters affecting on the biodiesel productivity are catalyst type-concentration, reaction temperature, molar ratios of catalyst-methanol-oil, water content, and FFA content.
The results of biodiesel productivity of different vegetable oils by NaOCH 3 catalyst at the 25˚C and 100˚C were given Table 3 . Considering the obtained results, it was clear that the studied homogeneous NaOCH 3 catalyst were effective to obtain a pur biodiesel according to the e European biodiesel standard EN 14214 for all of the used crude oils/frying oil. Apparently, the important effect of types of crude oils/frying oil were not found on biodiesel productivity. When the effects of temperature on biodiesel productivity investigated, the highest productivity was found when used corn oil (68%) and also the lowest productivity was found when used canola oil (61.6%) at the 25˚C. However, at the 100˚C the biodiesel productivities of varieties of crude oils generality were found higher than productivity results at the 25˚C. The highest productivity was found when used hazelnut oil (77.7%) and also the lowest productivity was found when used canola oil (64.2%) at the 100˚C. As seen in the Table 3 , the increases on biodiesel productivity depending on temperature were between 1.3% and 18.1% for all of the crude oils/frying oil from 25˚C up to 100˚C. In the study, obtained biodiesel productivities were average between 61% -68% (25˚C) and 64% -78% (100˚C) by using NaOCH 3 as catalyst. Finally, that was seen from results, increase of temperature as well as 100˚C didn't significantly increase biodiesel productivity (~10%). Moreover, although a reflux condenser was used in the experiment to avoid methanol losses, the methanol will vaporize when the reaction temperature exceeds the boiling point of methanol. In addition, in order to avoid oxidation reactions on multi unsaturated fatty acids it is not necessary to increase reaction temperature until 100˚C and biodiesel production at 25˚C can be preferred and also it has advantages economically. Similar results have also been found in related studies [15] [16] [17] .
TLC and GC analyses of obtained biodiesel products were performed as described above. The results were given in Figure 1 . As it can be seen from TLC images, the abundant parts of crude oils/frying oil transformed to biodiesel form.
GC results of FFA's esters of produced biodiesels were shown in Table 4 . As expected, similar fatty acid compositions were observed in the biodiesels produced from the different feed stocks. The dominant fatty acid in safflower, soy bean, sunflower, canola, corn and waste sunflower oil esters was linoleic acid (18:2), averaging at 82%, 64%, 58%, 57%, 60% and 55%, respectively. In the olive and hazelnut oil esters, it was oleic acid averaging at 53% and 57%, respectively. All of the oil esters had very highly unsaturated fatty acid content, ranging from about 80% -92%. Also some saturated fatty acids as palmitic (16:0) and steraic (18:0) were found minor amounts in these esters. TLC image and GC results demonstrates that biodiesel productivities were not found important differences among all of the oil types by alkali catalysts. 
Conclusions
Today and future, methyl and ethyl esters of vegetable oils have several outstanding advantages among other new renewable and clean engine fuel alternatives. Considering the present work and from the perspective of optimizing biodiesel production using the different feed stocks and NaOCH 3 catalysts, the following conclusions might be considered: In this study, obtained biodiesel productivities were average between 61% -68% (25˚C) and 64% -78% (100˚C) by NaOCH 3 catalysts. Increase of temperature increased biodiesel productivity approximately 10%. This is not effective enough and economically it is not necessary to increase temperature until 100˚C so that reaction temperature was preferred as 25˚C.
TLC image and GC results demonstrates that the dominant fatty acid in safflower, soy bean, sunflower, canola, corn and waste sunflower oil esters was linoleic acid (18:2). In the olive and hazelnut oil esters, it was oleic acid (18:1). All the oil esters had very highly unsaturated fatty acid content, ranging from about 80% -92%. Also some saturated fatty acids as palmitic (16:0) and steraic (18:0) were found minor amounts in these esters.
When biodiesel productivities of eight different oils were compared, similar results were obtained because of the fact that they have similar fatty acid content.
